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Fermi liquid characteristics for ferromagnetic manganites, A1−xBxMnO3, are evaluated in
the tight-binding approximation and compared with experimental data for the best studied region
x ≃ 0.3.The bandwidths change only slightly for different compositions. The Sommerfeld coefficient,
γ, the T 2-term in resistivity and main scales in optical conductivity agree well with the two band
model. The “2.5” - transition due to a “neck” forming at Fermi surface, is found at x = 0.3. The
mean free path may change from 3 to 80 interatomic distances in the materials, indicating that
samples’ quality remains a pressing issue for the better understanding of manganites.
PACS numbers: 72.15.Gd, 75.30.Ds
Experiments on doped “pseudocubic” manganites,
A1−xBxMnO3, primarily engendered by prospects of ap-
plications of the “colossal” magnetoresistance (CMR) ef-
fect, unveiled unexpected richness of new phenomena
pressing for a fundamental interpretation (for review see,
e.g.1,2). The consensus is that the “double exchange”
(DE) mechanism3, together with the Jahn-Teller (JT)
instability of the degenerate e2g-term at the Mn
3+-site
pre-determine the (x, T )-phase diagram of the low doped
manganites. The one-electron Hamiltonian of the form4:
Hˆ =
∑
i,δ
(
tˆi,i+δ − JH(Si · σˆ) + gτˆ ·Qi + JdefQ2i
)
(1)
accounts for the competition between the first two terms
in (1) (tˆi,δ being a tunneling matrix, while JH is the
strong intrasite Hund’s coupling) which, in accordance
with the DE-mechanism, tend to form ferromagnetic
electronic bands, and localizing effects of the thermal
disorder in the JT-degrees of freedom (the last two
terms). The method4 interpolates the high- and low-
temperature regimes in “low doped” (x < 0.5) mangan-
ites in terms of crossover between “small” and “large”
polarons conduction4–6 . It is not apt to draw conclu-
sions regarding the ground state symmetry.
Another issue is whether the electron-electron interac-
tions are of principle importance for manganites. The
stoichiometric compound, LaMnO3, is an antiferromag-
netic (the A-phase) insulator and preserves the insu-
lating low-T behavior even at doping, x, below xcr ≃
0.16− 0.17. These features are often treated in the liter-
ature in terms of a Mott-Hubbard state. It has been
demonstrated in7 that properties of LaMnO3 may be eas-
ily rationalized in terms of the band insulator provided
static JT-distortions are taken into account in the elec-
tron band structure. It was also argued that the crit-
ical concentration xcr ≃ 0.16 − 0.17 for the onset of a
metallic (low T) conductivity is precisely the percolation
threshold. (The CMR-phenomenon at Tc itself may be
interpreted in the percolative terms as well8 ). Hence,
at x close enough to xcr doped manganites exist as a
highly inhomogeneous “mixture” of tiny islands of co-
existing phases of a size, limited by the Coulomb forces
(typically, of the order of 10-20 A˚9,10). Crossover from
percolation regime to homogeneous ferromagnetic phase
seems to take place below x ∼ 0.3 (see discussion below).
In what follows we analyze available low temperature ex-
perimental data for doped manganites with x ∼ 0.3.
As x increases above xcr, percolation, being a critical
phenomenon, may cede soon to the onset of the homoge-
neous ferromagnetic phase, when screening becomes ef-
fective. In fact, some good samples of La1−xSrxMnO3
show low temperature resistivity in the range 10−4 −
10−5(Ω− cm)11.
In what follows we analyze available low temperature
experimental data for doped manganites from this point
of view. Our conclusions are that the band model (or
Fermi liquid) approach gets valid at low temperatures,
especially for high quality samples. Data are hindered by
sample’s quality with local inhomogeneities forming scat-
tering centers. For a number of compositions depending
on tolerance factor, conductivity is close to it’s value in
the mobility edge regime. Data on low frequency optical
conductivity σ(ω)(ω < 1eV ) remain a controversial is-
sue (at low T), although agree qualitatively with the two
band model7.
Summary of the Theoretical Results. – We adopt the
model and notations of 7. The electron spectrum consists
of the two branches:
ε±(p) = −|A| · (cx + cy + cz ±R(p)) , (2)
R(p) =
√
c2x + c
2
y + c
2
z − cxcy − cxcz − cycz. (3)
Here for brevity: ci = cos p˜i , p˜i = pia.
We calculate the concentration dependence of the
Fermi-level, E(x), the density of states (DOS), ν(x), the
spin stiffness, D(x), and the whole magnon spectrum,
ω(k, x), and the conductivity, σ(ω, x), both the Drude
and the optical (interband) components. Theoretical re-
sults depend only on the single hopping integral, |A|. In
addition, for the stoichiometric LaMnO3 the optical data
1
for σ(ω) at x = 015,16 allow to evaluate the electron cou-
pling with the JT-distortions.
To find the spin waves spectrum, present deviations
from the average spin, 〈Sz〉 for the localized t2g - spins
(s = S− 〈Sz〉) as:
s+(q) = (2〈Sz〉)1/2bˆ(q), s−(q) = (2〈Sz〉)1/2bˆ+(q),
sz(q) = (bˆ
+bˆ)q, (4)
(bˆ+, bˆ-the magnon’s operators). The first (δE1) and sec-
ond (δE2) order corrections to the ground state are cal-
culated as perturbations in:
Vˆ = −JH
∑
i
si(aˆ
+
i σaˆi) = −JH
∑
i
sini. (5)
For δE2, the matrix elements in (5) are of the form:
V l,l
′
p−k,↑;p↓ = −JH〈↑ |s±(k)| ↓〉 ×
×
(
αlp−kα
∗l′
p + β
l
p−kβ
∗l′
p
)
, (6)
(see (9). As for δE1, its only role is to secure the proper
behavior of the magnon spectrum at k → 0). One ob-
tains:
δE2 = 2J
2
H
∑
k
〈Sz〉bˆ+(k)bˆ(k) ×
×
∑
l,p
(∑
l′
|αlpα∗l
′
p+k + β
l
pβ
∗l′
p+k|2
El↑(p)− El′↓ (p+ k)
)
, (7)
where
El,l
′
↑,↓(p) = ∓JH〈Sz〉+ εl,l′(p). (8)
Both sums in (7) run over l, l′ = ± (Eq.( 2)). The sum-
mation over l and p is limited by the occupied states (↑)
only. The coefficients (αlp, β
l
p) above are for the Bloch’s
states on the basis,used in7:
αl,l
′
p = (t12/2|t12|)1/2 , βl,l
′
p = ± (t21/2|t12|)1/2 , (9)
(here t12, t21 are the off-diagonal elements of the hopping
matrix tˆ(p) in (1) on this basis).
Assuming in (7, 8) JH ≫ |A| (JH〈Sz〉 is of the order of
1.5 eV1 , estimates below produce for |A| ∼ 0.1 eV), ex-
pansion (7) in |A|/JH gets equivalent to the series of the
Heisenberg spin Hamiltonians accounting for interactions
with the increasing number of neighbors. (For a single
band it was first noticed in17 ). In the two band model7
the first order term in | A | from (7) is (〈Sz〉 = 3/2):
h¯ω(k) = |A|(3 − cx − cy − cz)D(x)/3 (10)
and D(x) ≡ D(E(x)) is given by the integral:
∫
d3p
(2pi)3

 ∑
(+,−)
θ(E − εi(p))
{
1± 2cx − cy − cz
2R(p)
} ,
(here E is in units of |A|, pi ≡ api). Quantum fluctua-
tions may change the k – dependence in Eq. (10).
To calculate the conductivity, σ(ω, x), we determine
first the velocity operator, vˆ = ˆ˙r (see18):
vˆ(k) =
1
h¯
∂εl(k)
∂k
+
i
h¯
[εl(k)− εl′(k)] 〈lk|Ωˆ|l′k〉. (11)
The off-diagonal operator Ωˆ is defined by the relation:
〈lk|Ω|l′k〉 = i
∫
u∗l
′
k (r)
∂ulk
∂k
d3r (12)
and ulk(r), the periodic Bloch functions on the basis
7 are:
ulk(r) =
1√
N
∑
n
exp[ik(an− r)]×
× {αlkφ1(r− na) + βlkφ2(r− na)} . (13)
With the one-site integrals only in (12) and Eqs. (9):
〈lk|Ωˆ|l′k〉 = i a
h¯
√
3
4
(− sin kx)(cy − cz)
|t12|2 . (14)
Eqs. (11, 14) produce transitions from occupied parts of
the ε+(p)-band into empty states in the ε−(p)-band.
With all the above, we arrive to the Drude (intraband)
contribution which in the clean limit is:
σDrude(ω, x) = 2pi
e2|A|
3ah¯2
δ(ω)IDr(x), (15)
IDr(x) =
1
2(2pi)3
∑
l
∫
dSlp|∇pε(p)|, (16)
(the integral in IDr(x) is over the Fermi surfaces (FS)).
The “optical” (interband) contribution is
σopt(ω, x) =
3pie2
ah¯
1
ω˜30
∫
d3p
(2pi)3
sin2 px(cy − cx)2 ×
× n(ε+(p))[ 1 − n(ε−(p))] · δ (ω˜ − 2R(p)) , (17)
where |A|ω˜ = h¯ω (Eqs. (16) and (17) agree with the
results of19). For the low temperature spectral weights
Neff =
2m
pie2 a
3
∞∫
0
σ(ω)dω, one obtains for the Drude and
the interband contributions, respectively:
NDrudeeff =
ma2
3h¯2
|A|IDr(x), Nopteff =
ma2
h¯2
|A|3
4
Iopt(x), (18)
(with Iopt(x) directly obtained from (17)). In Fig. 1
we plotted our results for the Fermi level, EF (x) =
|A|E(x), ν˜(x) = ν(x)|A|, D(x) and IDr(x). In Fig. 2 the
Fermi surface at x=0.3 is shown (the shaded area shows
schematically the concentration range for a percolative
regime).
Fermi Liquid and the Experimental Data.– We choose
to determine the band parameter, |A|, from mea-
surements of the spin stiffness coefficient: h¯ω(k) =
2
(ka)2|A|D(x)/6. As the long-wave characteristics,
D(x, T = 0) is less sensitive to a samples’ disorder. We
use a ≃ 3.86A˚, D(x ≃ 0.3) ≃ 0.45 and data in14 (Table
1). The results for |A| show that the bandwidths for
different materials, W=6|A|, do not vary significantly
(0.7 − 1.0 eV) as if changes in the Mn-O-bond angle
in different materials are not of importance. The dif-
ferences in ionic radii regulate mainly the local disorder
as seen from data on resistivity (see below). According
to23, D(x) first increases with x above xcr and saturates
at x ∼ 0.3. The initial increase of D(x)23 merely re-
flects the fact that above the percolation threshold the
percentage of the FM-phase increases (magnetic moment
increases). In the FM-phase further increase in x leads
to decrease of the magnetization and D(x) in Fig. 1 de-
creases. This decrease is beyond the accuracy of data23,
and the crossover into FM state is seen as a saturation
of D(x) at x = 0.28, 0.323.
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FIG. 1. The Fermi level, E(x), DOS, ν˜(x), the spin stiffness
coefficient D(x) and the Drude conductivity, IDr(x), plotted
as a function of concentration, x, for the spectrum Eq. (2).
The shaded area shows the percolative regime where Eqs.
(9-18) are not applicable.
Another important parameter, the Sommerfeld coeffi-
cient, γ, for our spectrum (2) is:
γ = pi2ν˜(x)/3|A|. (19)
Eq. (19) gives γ ∼ 6.2 mJ/mole·K2 (ν˜(x) ∼ 0.45 at
x ≃ 0.3). According to20 , γ ≃ 3.5 mJ/mole·K2 for
La0.7Sr0.3MnO3. The low-T heat capacity of a few other
manganites with compositions x ≃ 0.3 has been mea-
sured with γ in the 3-8 mJ/mole·K2 range1.
For most of experimental results it is common (e.g.1,20 )
to “separate” the T 3/2 magnon term in the specific heat.
Here lies an interesting catch. Namely, close to x=0.3
in addition to that of magnons, there is the band T 3/2-
contribution into the specific heat. Indeed, the Fermi
surface in Fig. 2, shows a formation of the “neck” at the
zone boundary very close to x = 0.3, and, hence, this
is the point of the “2.5”-Lifshitz transition! With this
in mind, one should recognize a rather good agreement
between (19) and the low-T experimental data on the
heat capacity. As it is easy to see, ν˜(x) in Fig. 1 varies
significantly near x=0.3.
Substitution of divalent atoms at such concentrations
inevitably leads to intrinsic disorder. It is argued in9
that this disorder, seen in La1−xSrxMnO3 even at T=10
K at x < 0.35 is mainly due to the local JT-distortions
and bears a quasistatic character at x > 0.17. Part of
carriers may be trapped into the JT polarons, forming
the microdomains of an insulating phase. The disorder
is a factor, which may affect our interpretation. In view
that resistivities for samples with nominally the same
concentration may differ in the order of magnitude, it is
essential to evaluate related spatial and energy scales. We
substitute in Eq.(16) piδ(ω) → τ/(1 + (ωτ)2) to obtain
the effective h¯/τ due to residual resistivities. This gives
h¯/τ |A| ∼ 0.5 for materials with ρ ≃ 300(µΩ−cm), but it
is only ∼ 2·10−2 for the film samples of La0.7Sr0.3MnO36.
With the average velocity of an electron on the FS in our
model 〈v2〉1/2 = (|A|a/h¯) (2IDr(x)/ν˜(x))1/2, the mean
free path, l, is typically of the order of l ∼ 3a for most
samples, while l ∼ 80a is reached in the best LSMO-
samples6 . It remains to be seen whether sample’s quality
may be further improved.
FIG. 2. The FS at x ≈ 0.3.“Necks” forming at the zone
boundary are responsible for singularity in ν˜(x) in Fig. 1.
The T 2 – term in resistivity due to the electron inter-
actions comes from h¯/τee
tr = λ′ (h¯/τee), where τee is the
total quasiparticle relaxation time and λ′ < 1 gives the
fraction of Umklapp processes. We use21:
h¯/τee ≃ λpi3ν(x)T 2. (20)
In (20) λ is a value of the interaction strength in terms of
EF . Using
6,11, one obtains for LSMO: λλ′ ≃ 0.3, typical
of good metals. As for the two other materials in6, the T -
variations of resistivity scale in the magnitude with their
residual resistivity and are caused by defects22.
T - dependence in the optical conductivity, σ(ω), at-
3
tracted recently much attention6,16,20 as a manifestation
of changes in the conductivity mechanism at elevated
temperatures. We discuss only a few results pertinent
to the low T band mechanisms. First note, that the
temperature dependence in σ(ω) at T < 100 K for ω
around 1eV is most pronounced below 1eV (see Fig. 2
in6 ). This agrees well with our estimates for the band-
widths, W ≤ 1eV. As for a quantitative analysis, there
are problems of an experimental character. Assuming
Neff (ω)
6 would give our Neff ’s in Eq. (18) at ω ≃ 1eV
and that both the Drude and optical contributions are
approximately equal19, we obtain Neff ∼ 0.25 which is
reasonably close to the values in6 , lesser than Neff for
the single crystal data, La0.67Ca0.33MnO3
16 , and a fac-
tor ten bigger than Neff for La0.7Sr0.3MnO3 in
15 . We
believe that such a difference originates from poor data
for the optical σ(ω) in the “Drude-tail” range.
Finally, the optical gap for pure LaMnO3 was
identified15 at ∆ ≃ 1.2eV. A rough estimate from the
band insulator picture8 gives g ∼ 0.6eV, i.e. the JT-
coupling is rather strong (|A| ∼ 0.16eV).
We conclude the discussion by a few comments re-
garding the spin wave spectrum. In La0.7Pb0.3MnO3
12
the spectrum fits well (10). Eq.(10) follows from (7)
at A ≪ JH〈Sz〉, with quantum corrections neglected.
Meanwhile, strong deviations from (10) have been ob-
served at ξ > 0.25 along the (0,0,ξ)-direction in
Pr0.63Sr0.37MnO3
13. The spin stiffness changes only
slightly from material to material14, and other low tem-
perature characteristics including electron interactions in
(20), also seem not to vary much. Unlike14, we suggest
with13 that differences in low-T spin dynamics for two
materials do not correlate with their behavior at higher
temperatures, but with a tendency to a low temperature
charge ordering at x close to 0.5.
In conclusion, we investigated low temperature prop-
erties of different manganites with hole concentration
close to x ≃ 0.3. Not only the tight-binding model7
demonstrates applicability of the Fermi liquid approach
at T → 0, but also it agrees with most experimental data,
suggesting thus the unifying approach to ferromagnetic
manganites. Bandwidths for different materials change
only slightly. Concentration x ≃ 0.3 is remarkable for
the 2.5 – topological transition. Samples quality remains
a major obstacle to further elaboration of the low tem-
perature properties. In some materials conductivity falls
into the mobility edge regime.
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